Cricoid pressure is employed during rapid sequence induction to reduce the risk of pulmonary aspiration. Correct application of cricoid pressure depends on knowledge of neck anatomy and precise identification of surface landmarks. Inaccurate localisation of the cricoid cartilage during rapid sequence induction risks incomplete oesophageal occlusion, with potential for pulmonary aspiration of gastric contents. It may also compromise the laryngeal view for the anaesthetist. Accurate localisation of the cricoid cartilage therefore has relevance for the safe conduct of rapid sequence induction. We conducted a multicentre, prospective cohort study to determine the accuracy of cricoid cartilage identification in 100 patients. The cranio-caudal midpoint of the cricoid cartilage was identified by a qualified anaesthetic assistant using the conventional landmark technique and marked. While maintaining the patient in the same position, a second mark was made by identifying the midpoint of the cricoid cartilage using ultrasound scanning. The mean (SD) distance between the two marks was 2.07 (8.49) mm. In 41% of patients the midpoint was incorrectly identified by a margin greater than 5 mm. This error was uniformly distributed both above and below the midpoint of the cricoid cartilage. The Pearson correlation coefficient of this error with respect to body mass index was 0.062 (p = 0.539) and with age was À0.020 (p = 0.843). There were also no significant differences in error between male and female patients. Identification of cricoid position using a landmark technique has a high degree of variability and has little correlation with age, sex or body mass index. These findings have significant implications for the safe application of cricoid pressure in the context of rapid sequence induction.
Introduction
Cricoid pressure is applied during rapid sequence induction to reduce the risk of pulmonary aspiration of gastric contents [1] , which in turn can lead to serious complications, including death. It is performed by applying a force of 30-40 N on the cricoid cartilage to completely occlude the upper oesophagus. The benefits of rapid sequence induction have been scrutinised in several studies [2, 3] . The efficacy of cricoid pressure is dependent on knowledge of neck surface anatomy, precise identification of landmarks and the correct application of force.
Inaccurate identification of the cricoid cartilage during rapid sequence induction risks incomplete oesophageal occlusion, passive regurgitation and aspiration of gastric contents.
In clinical practice, the cricoid cartilage is conventionally identified by palpation. Previous observational studies [4, 5] have identified inaccuracy and variability in the identification of neck structures by health professionals. Over the last decade, the use of ultrasound scanning has been advocated to improve the safety of anaesthetic interventions. Although ultrasound scanning has been evaluated by anaesthetists to identify anatomy of the airway [6] and prediction of difficult laryngoscopy in obese patients [7] , it has not been used to evaluate the accuracy of identification of the cricoid cartilage during application of cricoid pressure in routine practice.
The primary objective of this study was to evaluate accuracy of identification of the cricoid cartilage, by a landmark technique, in routine clinical practice, by trained anaesthetic assistants. Secondary objectives were to assess the relationship between accuracy of identification of cricoid cartilage with body mass index (BMI), age and sex.
Methods
This prospective observational study was approved by the Yorkshire and The Humber-Leeds West Research and Ethics committee. We registered our study retrospectively [8] , and followed the Standards for Reporting Diagnostic Accuracy (STARD) guidelines [9] .
Since we had no data on the accuracy of cricoid localisation in routine practice by qualified anaesthetic assistants, a convenience sample of 100 adult patients presenting for elective surgery under general anaesthesia was selected. The convenience sample was equally divided across two centres (Queen's Hospital, Burton on Trent, UK and Guy's Hospital, London, UK). Pregnant patients and patients with a history of previous maxillofacial surgery and anatomical deformities of the neck were not studied.
Written informed consent was obtained from all patients.
The height of the anterior cricoid arch varies between 5.5 and 10 mm in adult patients [10] [11] [12] . We therefore proposed that although accurate identification of the cricoid cartilage is necessary to achieve any potential benefits, application of cricoid pressure at a point more than 5 mm away from the cranio-caudal midpoint of the cricoid cartilage would result in a misdirected (and therefore ineffective) manoeuvre. The distance between the two marks was measured using a scale from the skin marker pack. This was used to define measurement error, and distribution of the error was plotted as a histogram. The data were normally distributed (as analysed by the D'Agostino-Pearson omnibus normality test). The correlation between the observed cranio-caudal error and the patient's BMI and age was analysed using a two-tailed Pearson correlation coefficient. A comparison of the error between male and female patients was assessed using a paired t-test. P-value < 0.05 was considered statistically significant. Data analysis was performed using GraphPad Prism7 for Windows (GraphPad Software Inc., CA, USA).
Results
A total of 100 patients were recruited (50 in each centre).
Baseline characteristics are summarised in . A total of 35 anaesthetic assistants participated in the study, all of whom had full-time work commitments in operating theatres.
Twenty-three (66%) of these practitioners had been practising clinically for more than five years.
The distribution of distances between estimates of cricoid cartilage position using landmark technique to the midpoint of the cricoid cartilage (as determined by ultrasound measurement) is summarised in Fig. 2 . In 59 patients the cricoid cartilage was identified using the landmark technique to within 5 mm of the midpoint. Of these, 33 patients had their cricoid cartilage midpoint identified correctly with no error. The mean (SD) distance from the midpoint of the cricoid cartilage was 2.07 (8.49) mm.
The midpoint of the cricoid cartilage was incorrectly identified by a margin greater than 5 mm in 41 patients. This error was uniformly distributed, both above and below the actual position of the cricoid cartilage (Fig. 3) . There was no significant correlation between BMI and localisation error (r = 0.062, p = 0.539; Fig. 2 ), nor was there was any significant correlation with age in our sample (r = À0.020, p = 0.843; Fig. 4 ). There was no significant difference between men (n = 45) or women (n = 55) with regard to error of localisation; p = 0.138.
Discussion
This study demonstrates the differences between identification of the cricoid cartilage using conventional landmark technique and ultrasound. We have established Rapid sequence induction using cricoid pressure is routinely practised [13] . This procedure is among the first skill sets taught to trainee anaesthetists, and is commonly assessed during initial assessment of competency in the UK [14] and Ireland [15] before trainees can undertake independent responsibilities. Appropriate location of the cricoid cartilage and application of cricoid pressure are core skills and are assessed as part of the anaesthetic assistant training curriculum [16] . The benefits, and indeed the efficacy of rapid sequence induction have been previously questioned, scrutinised and debated [17, 18] . Several studies have specifically assessed the efficacy of this manoeuvre to occlude the oesophageal entrance [19] [20] [21] [22] [23] .
The height of the anterior cricoid arch varies between 5.5 and 10 mm in adult patients [10] [11] [12] . Therefore, application of cricoid pressure at a point more than 5 mm away from the midpoint of the cricoid cartilage may potentially lead to inadequate or misplaced application of cricoid pressure in clinical practice. It is unlikely that pressure applied to a structure other than the cricoid cartilage or a part of the cricoid cartilage will have any benefit in terms of oesophageal occlusion or prevention of aspiration. Furthermore, there are several reports which suggest that poorly applied cricoid pressure may make mask ventilation, direct laryngoscopy or supraglottic airway device insertion more difficult [24] [25] [26] . This has profound implications for a procedure commonly performed in high-risk patients. Difficult Airway Society (DAS) guidance for difficult laryngoscopy during rapid sequence induction acknowledges the problems with poorly applied cricoid pressure, and recommends release of pressure under direct vision when suction is readily available [27, 28] .
Based on our data, we speculate that negative technique. An alternative view is that correct application of cricoid pressure could result in even lower rates of pulmonary aspiration, allowing the procedure to achieve its true potential.
Consideration should be given to using ultrasound scanning for every rapid sequence induction. Given that point-of-care ultrasound skills are increasingly relevant to anaesthetic practice, and with ultrasound scanning becoming more portable, widely available and easily taught, this could ensure appropriate and accurate identification of the cricoid cartilage, and thus optimise oesophageal compression. Once learned, the procedure is quick and painless. It could be used in even the sickest of patients, who may indeed benefit the most from accurate application.
A pre-induction ultrasound scan also identifies the cricothyroid membrane, which may be needed for emergency front-of-neck access. We have shown that digital palpation of the cricoid cartilage is inaccurate, implying that the identification of the cricothyroid membrane is also inaccurate. Although the site for applying cricoid pressure for rapid sequence induction could have a small degree of tolerance [17] , this is not the case for emergency front-of-neck access, which risks failure to access the trachea, damage to the surrounding structures and failure to oxygenate the patient [29] . Delineating laryngeal anatomy pre-induction should mitigate this risk.
Airway management is a joint responsibility between the anaesthetist and anaesthetic assistant. Seeing the cricoid cartiliage on an ultrasound screen enables confirmation of neck anatomy by the anaesthetist and the anaesthetic assistant, leading to assurance and confidence by both parties that the procedure is being executed correctly.
This study has some limitations. Novel tools are enhancing our understanding of airway anatomy [30] , and this study is a contribution to the increasing body of evidence that challenges current widely held views on airway management. If cricoid pressure is deemed to be beneficial, the cricoid cartilage should be located using the best available techniques, and without compromising patient safety. Our study provides evidence that the practice of using conventional landmark techniques by trained anaesthetic assistants to locate the cricoid cartilage is associated with appreciable inaccuracy, and is likely to lead to misapplication of cricoid pressure.
Ultrasound scanning provides an easy way to identify anatomy, improve the application of cricoid pressure and also help to correctly identify the cricothyroid membrane.
We suggest that it should be a standard of care for rapid sequence induction.
